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Abstract
 This article analyzed quantitatively international carbon ﬂow as the economic globaliza-
tion based on an input-output analysis with World Input-Output Database (WIOD). As the re-
sult of analysis, some ﬁndings showed as follow. Firstly, with regard to China, its CO2 total 
emission induced each area is larger than other six regions. Secondly, production-based emis-
sion tends to be larger than consumption-based one in China and the East Asia area, on the 
other hand, the production-based is larger than in the rest of areas. Thirdly, it turns out that 
the ratio to CO2 emission induced by a region itself emitted certain one. Fourthly, it was clear 
that CO2 emission in manufacturing the transport and equipment as such automobile likely 
larger than one in purchasing it in an East Asia region, while it is likely to the lower ratio to the 
production and the higher ratio to the consumption in the developing countries.
1. Introduction
 Climate change issue cannot be solved if each country over the world must ad-
dress these based on based on “Common but Differentiated Responsibility”. Commit-
ment period of Kyoto Protocol was ﬁnished in 2012, so emerging nations also need to 
reduce Greenhouse Gases (GHG) toward the realization of a low carbon society as 
well to reduce drastically it toward the Post Kyoto Protocol. In addition, with the eco-
nomic globalization, there have been many cases in which countries producing indus-
trial goods differ from those consuming it. Especially, China has put burden on the 
production of industrial goods and a large amount of manufactured goods have been 
imported to the developed countries in recent years. This means that the share of an 
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CO2 emission to the emerging countries in the overall amount of it in the entire world 
is growing from the viewpoint of climate change issue. In the future, the reduction of 
emission in the rising countries is signiﬁcant in order to secure the effectiveness of 
climate change policy. At the time, theory on cooperation to the emerging countries 
by the advanced countries should be established, and scientiﬁc proofs on quantitative 
data needed to presented.
 With regard to the trend of research on international carbon ﬂow, Yamazaki et al 
(2012) estimate that production-based and consumption-based CO2 emission about 
the main countries Japan, China, Korea and EU by using the estimation of carbon in-
ternational flow with input output model. In conclusion, they proposed consump-
tion-based estimation method as a theoretical and quantitative proof. In recent year, 
Yoshinaga (2013) examines CO2 emission trend and emission influential forces on 
household and industry as the whole EU 27 countries. He calculates CO2 emission in-
duced by a ﬁnal demand of each countries in EU countries. 
 This article analyzed quantitatively international carbon ﬂow as the economic 
globalization based on an input-output analysis with World Input-Output Database 
(WIOD). In section 2, I outline the concept of WIOD and describe process of the statis-
tical data and computational method. Section 3 analyzes quantitatively CO2 emission 
induced inter-area. In section 4 I provide conclusion.
2. Methodology─World Input Output Database (WIOD)─
(1) What is WIOD/WIOT
 The World Input-Output Database has been developed to analyze the effects of 
globalization on trade patterns, environmental pressures and socio-economic devel-
opment across a wide set of countries. The database covers 27 EU countries and 13 
other major countries in the world for the period from 1995 to 20091) (Timmer ed, 
2012, p.3). As structure of a national input-output table(IOT), an important accounting 
identify in the IOT is that total output by the domestic industry is equal to the use of 
output from the domestic industry such that all ﬂows in the economic system are ac-
counted for (Timmer ed, 2012, p.4). On the other hand, the world input-output table 
(WIOT) is an extension of the same concept. Namely, each product is produced either 
explicit in the WIOT. For example, for a country, a ﬂows of products both for interme-
diate and final use are split into domestically produced or imported. In addition, 
WIOT shows in which foreign industry the product was produced. This database com-
bined with the detailed data on production activity in each country and an interna-
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tional trade and illustrated how much 59 products have been supplied and how much 
35 industries have been used (Dietzenbacher et al ,2013, pp.91-2).
 With regard to the meaning using, Dietzenbacher et al (2013) pointed out that it 
could apply to issues related to fragmentation, socio-economic aspect (e.g. labor and 
the creation of added value), and environmental aspect (e.g. energy use, various emis-
sion matters and water consumption to the air). If globalization is under way, an effec-
tive database to policymaking and analysis needs to be global, to use time-series data 
to evaluate the past development, to include several socio-economic and environmen-
tal indicator, moreover, to make all data based on consistent framework (e.g. what 
uses the same industrial classiﬁcation). In a sense, WIOD can make the most of policy 
analysis to some extent. 
(2) Analysis Methodology
 I set up a way of thinking in this paper as follows.
 First of all, I divided CO2 emission into 2 patterns, namely the production-based 
and the consumption-based. With regard to the former, I considered the manufactured 
(demanded) from CO2 emission to be wholly responsible to the supply-side countries 
or areas. In other words, I make an assumption about grasping the CO2 emission in 
the supply-side. Next, with regard to the latter, I considered the manufactured (de-
manded) from CO2 emission to be wholly responsible to the demand-side countries or 
areas. In other words, I make an assumption about grasping the CO2 emission in the 
demand-side.  
 With regard to the range of data, I pick up a transport equipment sector as a case-
study, and analyze the amount of CO2 emission induced to a transport equipment sec-
tor from 35 sectors respectively in either case of both the production-based and the 
consumption-based about 7 areas (Euro area, Non-Euro area2), NAFTA, China, East 
Asia, BRIIAT, Row (Rest of World)). Table.1 shows regional classiﬁcation. 
 In this paper, I deﬁne a production-base case and a consumption-one as follows. 
The former case indicates CO2 emission on production met a ﬁnal demand to trans-
port and equipment of a country, while the latter case shows CO2 emission on a trans-
port and equipment production in which a countryʼs people ﬁnally demand. And so, 
the production-based estimates the total sum of CO2 emission induced in an each 
country, on the other hand, consumption-based only estimate a ﬁnal demand in each 
area about it on CO2 emission induced in an each country. 
Y＝C・X (1)　(the production-based)
Y＝C・(I－A)︲1　・F (2)　(the consumption-based)
Y： the estimated matrix on CO2 emission amount
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X： the matrix on CO2 emission amount
C： something to arrange an emission amount vector in each area and a diagonal ma-
trix which is arranged CO2 emission coefﬁcient,  I : an unit matrix
A： an input coefﬁcient matrix which is consisted of seven areas and 35 industries
F： something to arrange a ﬁnal demand vector in each region
3．Quantitative Analysis on CO2 Emission induced between Areas
 In Section 3, I obtain quantitative ﬁgures of CO2 emission induced in an each re-
gion about the consumption-based in a transport and an equipment.
 At ﬁrst, I analyze CO2 emission induced in an each region in a transport and an 
equipment. Table.2 shows CO2 emission induced in an each region in a transport and 
equipment sector (consumption-based). There are the largest CO2 emission quantities 
Table.1  Regional Classification in a World Input-Output Table (WIOT)
Euro-zone Non-Euro EU NAFTA China East Asia BRIIAT RoW
Austria Bulgaria Canada China Japan Australia
Belgium the Czech Republic Mexico Korea Brazil
Cyprus Denmark
United 
States (USA)
Taiwan India
Estonia Hungary Indonesia
Finland Latvia Russia
France Lithuania Turkey
Germany Poland
Greek Rumania
Ireland Sweden
Italy United Kingdom (UK)
Luxembourg
Malta
Netherland
Portugal
Slovakia
Slovenia
Spain
Source: WIOD (2012), p.42.
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(45262.75 (Kt-CO2)) in a transport and an equipment of Euro Region induced Euro re-
gion, the second largest one is RoW areas. In addition, with regard to NAFTA, CO2 
emissions to NAFTA is 91620.96 (kt-CO2), RoW area is 15302.62 (kt-CO2), Euro area is 
8931.33 (kt-CO2). While, in China, The largest induced CO2 emission in China itself is 
218293.54 (kt-CO2), subsequently, NAFTA (27153.50 (kt-CO2)).
 Next, Figure.1 shows the consumption-based case, i.e. the ratio to CO2 emission 
induced in an each region in a transport and equipment sector. CO2 emission in a 
transport and an equipment from Euro area to Euro itself is 35.05%, as below, in re-
gard to China, RoW, other Euro is 17.89%, 10%, 9.53%, respectively.  
 Also, with regard to NAFTA, the induction of CO2 emission to NAFTA area itself 
is accounts for 56.51%, the ratios to China, East Asia and RoW region is 16.75%, 8.87%, 
6.06%.
 On the other hand, China characterizes the largest CO2 emission induced to itself, 
the ratio accounts for 83.93%, in succession, RoW (4.16%), East Asia (3.43%) and BRII-
AT (3.43%), while the smaller areas are NAFTA (2.12%) and Euro (1.93%). Moreover, 
with regard to East Asia including Japan, the induction of CO2 emission to itself is 
59.35%, carbon ﬂow to China is 18.07%, the ratios to RoW, BRIIAT, NAFTA and Euro 
regions are 7.94%, 6.66%, 3.93%, 2.88%, respectively. 
 With regard to RoW, the induction of CO2 emission to China is 59.35%, Carbon 
ﬂow to itself is 18.07%, BRIIAT, East Asia, NAFTA, Euro and Non-Euro regions are 
27.98%, 20.95%, 14.94%, 12.65%, 10.02%, 9.12%, 4.33%, respectively.
 Furthermore, Table.3 calculates the ratio to the consumption-based divided by 
the production-based CO2 emission in each country. Figure.2 show data based on Ta-
ble 3 into a graph. Figure.2 indicate situations of the induced CO2 emission from emis-
sion regions-side.
Table.2 CO2 emission induced in an each region in a transport and equipment sec-
tor (consumption-based) (unit: Kiro CO2 t)
Euro-zone other EU NAFTA China East Asia BRIIAT RoW
Euro-zone 45262.75 8298.01 6972.87 4271.70 1555.61 4746.71 13925.67
other EU 12307.70 8843.67 2990.67 1607.90 633.29 2220.85 6607.01
NAFTA 8931.33 3146.95 91620.96 4685.17 2122.63 3732.62 15302.62
China 23098.12 6618.08 27153.50 185541.34 9752.31 12269.43 42728.83
East Asia 10544.46 2641.50 14376.11 8163.48 32036.76 7090.02 19322.33
BRIIAT 16068.45 4305.45 9210.60 7592.25 3595.18 98105.29 22819.10
RoW 12907.81 3355.01 9820.17 9205.95 4287.52 9273.06 31997.50
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 From a point of view in terms of the ratio to the consumption-based divided by 
the production-based CO2 emission, the results are as follows by analyzing the situa-
tion of induced CO2 emission.
 Firstly, there are many region induced CO2 emission in East Asia, it has turned 
Figure.1 The ratio to CO2 emission induced in an each region in a transport and equip-
ment sector (consumption-based) (unit: per cent)
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Table.3 Comparison between regions with regard to the ratio to the consump-
tion-based divided by the production-based CO2 emission
Euro-zone other EU NAFTA China East Asia BRIIAT RoW
Euro-zone 0.71 1.68 1.91 1.81 1.13 2.28 2.11
other EU 1.29 0.52 1.60 1.45 0.86 2.13 1.78
NAFTA 1.50 2.09 0.85 1.57 0.85 1.89 2.32
China 1.35 1.48 1.20 0.85 0.65 1.69 1.91
East Asia 2.48 2.28 2.41 1.23 0.49 3.11 2.33
BRIIAT 1.39 1.52 1.38 0.99 0.57 0.85 1.95
RoW 0.90 1.11 1.16 0.95 0.54 1.25 1.07
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out to be over 1 about the ratio to the consumption-based divided by the produc-
tion-based CO2 emission. With regard to BRIIAT area, the ratio is 3.11, Euro region, 
NAFTA, RoW and other Euro region are over 2. Chinaʼs ratio is 1.23.
 Secondly, CO2 emission induced from each region to each region itself tends to be 
all beyond 1 except RoW. 
 Thirdly, the situations of emission induction in each region are as follows. In an 
induction from China, RoW, BRIIAT, other Euro regions, Euro regions are over 1. Con-
versely, with regard to the induction of emission to China, induction from Euro, other 
Euro, East Asia are over 1, while BRIIAT, RoW and China are below 1. CO2 emission 
induced from each region to each region itself trend to be below 1 except RoW.
 Fourthly, from BRIIAT, emission induction to RoW, other Euro, Euro and NAFTA 
East Asia are over 1, while East Asia and BRIIAT are below 1. With regard to the in-
duction of emission to Euro, induction from Euro, other Euro, East Asia are over 1, 
while BRIIAT, RoW and China are below 1. On the contrary, with regard to the induc-
tion of emission to BRIIAT, induction from East Asia,Euro and other Euro, and re-
gions except BRIIAT are over 1.
 Fifthly, from Euro, emission induction to BRIIAT and RoW is over 2, while emis-
Figure.2 The induction trend of CO2 emission to other regions from a viewpoint 
of emission area-side (the ratio to the consumption-based divided by 
the production-based CO2 emission)
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sion to Euro is below 1 in an induction from Euro and Row.  
 Sixthly, with regard to emission induction from NAFTA, RoW and other Euro are 
over 2, Euro and Row are over 1, on the other hand, induction from NFTA is all over 1 
in East Asia (2.41) and regions other than NAFTA. 
 Seventhly, with regard to emission induction from RoW (especially developing 
countries), BRIIAT, NAFTA, other EU and RoW are over 1, while it appeared to be over 
2 in East Asia, NAFTA and Euro region. 
4. Conclusion and Remarks
 This article analyzed quantitatively international carbon ﬂow as the economic 
globalization based on an input-output analysis with World Input-Output Database 
(WIOD). I analyzed the trend of CO2 emission induced from 7 regions and 35 indus-
tries as a case-study of a transport and an equipment sector. 
 As the result of analysis, some ﬁndings showed as follows. Firstly, with regard to 
China, its CO2 total emission induced each area is larger than other six regions. Sec-
ondly, production-based emission tends to be larger than consumption-based one in 
China and the East Asia area, on the other hand, the production-based is larger than 
in the rest of areas. Thirdly, it turns out that the ratio to CO2 emission induced by a 
region itself emitted certain one. Fourthly, it was clear that CO2 emission in manufac-
turing a transport and equipment as such automobile likely larger than one in pur-
chasing it in an East Asia region, while it is likely to the lower ratio to the production 
and the higher ratio to the consumption in the developing countries. Furthermore, 
calculations by the production-based tend to estimate CO2 emission in the developing 
countries and the emerging countries compared with the consumption-based. So it 
will be important to compile further analysis on global carbon ﬂow by the consump-
tion-based case.
 From these analyses, in considering the global CO2 emission responsibility-bur-
den system, we need to remark the larger CO2 emission and the ratio to the entity 
world, and the larger amount of the emission quantities and its ratio in RoW like the 
developing countries or the emerging countries such as BRIIIAT.
 In terms of EU, RoW, NAFTA, East Asia and BRIIAT, many CO2 emission ﬂows 
also move to RoW, so we need to reduce CO2 emission both the developed and the de-
veloping countries. 
 From these analyses, East Asian area emits CO2 Emission in manufacturing a 
transport and an equipment larger than purchasing one, while, in the developing 
countries, it appeared that CO2 emission in consumption is higher than that of produc-
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tion in the developing countries. As these analytical results, in considering global re-
sponsibility-burden system on CO2 emission, we need to pay attention to not only CO2 
emission in China and the advanced countries like NAFTA, but also the trend of its 
emission in the emerging countries and developing countries. 
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Note
 1 ⎠ The full WIOT will contain data for forty countries in the WIOD. Including the biggest 
countries in the world, this set covers more than 85 per cent of world GDP. Neverthless to 
complete the WIOT and make it suitable for various modeling purposes, we also added a 
region called the Rest of the World (RoW) that proxies for all other countries in the world.
 2 ⎠ In this analysis, another word of Non-EU is other EU. 
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